ABSTRACT -The objective of this study was to analyze different immunoglobulins classes (IgG, IgM, IgE and IgA) against Cysticercus cellulosae in the cerebrospinal fluid (CSF), through enzyme linked immunosorbent assay (ELISA), correlating them to clinical and tomographic profiles in patients with neurocysticercosis (NCC). Eighty-five specimens of CSF were obtained from 43 cases with NCC (26 with the active form and 17 with the inactive form) and from 42 patients with other neurological diseases. The inactive form of NCC presented a profile in CSF similar to the group without NCC. The active form of NCC presented elevation of specific immunoglobulins (IgG, IgM, IgE, and IgA) in decreasing order, with the highest values being detected among the cases with intraventricular cysts, or with inflammation signs in CSF or in those with multiple clinical manifestations. The highest sensitivity and specificity were obtained with ELISA-IgG (88.5% and 93.2%, respectively). This study confirmed the importance of ELISA in the immunologic diagnosis of NCC.
Neurocysticercosis (NCC) is a major health problem in many regions of the world, mainly in developing countries. It is characterized by a variety of neurological clinical features, some of them very serious in terms of mortality or morbidity 1, 2 . Such different expressions of the disease make it even harder to diagnose NCC, so that it becomes practically impossible to confirm the condition without the support of other sources. Within this context, new technologies have led to considerable development over the last two decades. Neuroimaging, first carried out by computed tomography (CT) and later by magnetic resonance (MRI), has greatly contributed to the identification of the disease. At the same time, immunologic methods, especially concerning the study of cerebrospinal fluid (CSF), have been added to the arsenal against the disease. In this context, methods such as enzyme linked immunosorbent assay (ELISA) and enzyme immunoelectrotransfer blot 4 (EITB) are of great importance for the diagnosis of this disease. Enormous progress has also been made during this period in the development of successful techniques and medicines for treatment 5, 6 , further emphasizing the need for improvement of diagnosis, particularly in our region, where NCC is endemic.
ELISA was first applied to the identification of human NCC by Arambulo et al. 7 in 1978, with the detection of 78% of positive Mexican patients among suspicious ones. Later, Diwan et al. 8 , using the technique described by Voller & Bidwell 3, 9 , analyzed NCC patients in Irian Jaya, Polynesia, and compared their results to those obtained for the Mexican patients. In this study, findings of specific IgG in the serum of 79% of patients and in the CSF of 80% of patients increased the enthusiasm for the search of instruments for medical and epidemiological application.
In Brazil, studies by Costa 10, 11 comparing ELISA with other methods of immunodiagnosis of NCC in CSF using different antigen extracts have contributed to the diffusion of the method. This author obtained 100% sensitivity and 98.5% specificity using the total saline extract of Cysticercus cellulosae in CSF samples, emphasizing the superiority of this method over complement fixation, immunofluorescence and hemagglutination .
Zini et al. 12 performed a further analysis between ELISA and the clinical and tomographical features in 1990 after studying NCC patients.
The objective of the present study was to analyze the different classes of immunoglobulins (IgG, IgM, IgE and IgA) against Cysticercus cellulosae in CSF by ELISA and to correlate the findings with the clinical and tomographic features of the patients.
METHOD
Patients During the period between January 1992 and June 1993, 85 cases were selected among the patients referred for investigation to the Cerebrospinal Fluid Laboratory of the University Hospital, Faculty of Medicine of Ribeirão Preto. The medical records of these patients were reviewed taking into consideration: 1) age, gender and origin; 2) anamnesis; 3) cytological and biochemical CSF exams; 4) CT, myelography and cisternography by CT or MRI.
After establishing the diagnostic hypothesis, each patient was assigned to one of the following groups.
Group I (n=26), characterized by the occurrence of active NCC (Sotelo et al. 13 ), was defined by the following criteria: a. Presence of parenchyma abnormalities detected by CT and/or MRI compatible with the diagnosis of NCC: (a. Group II (n=17), characterized by the inactive form of NCC, was defined by the presence of nodular calcification suggesting NCC and the absence of pleocytosis in the CSF.
We adopted in both groups the clinical classification proposed by Trelles & Lazarte 14 , modified by Takayanagui 2 , consisting of the following categories: epileptic, meningitic, hypertensive, psychic, medullary, cephalalgic, and combined forms.
Group III (n=42), characterized as the group without NCC, was defined by the absence of NCC abnormalities as determined by CT/RMI.
Cases of hydrocephaly of uncertain etiology and cases with doubtful CT/RMI images were excluded from the study.
Procedures
The analytical method employed was the indirect plate immunoenzymatic assay (Voller 3 ) using the total saline extract as an antigen (Costa 10 ). Values of optic density above 0.10 were considered positive.
We search for a correlation between the findings of ELISA reaction to the different immunoglobulin classes and the clinical, tomographic and CSF profiles of patients with the active and inactive forms of NCC.
Data were analyzed statistically by the Kruskal-Wallis test for n independent samples and by the test for two independent samples (equivalent to the Mann-Whitney U test), with the level of significance set at p<0.05.
RESULTS

ELISA IgG
In group I (Table 1) ELISA IgG was positive in 23 cases (88.5%), with an average optic density (ODA) of 1.40 (±0.76). In group II we obtained positive results in two cases (11.8%), with ODA of 0.10 (±0.21). In group III there were two positive cases (4.8%) with ODA of 0.05 (±0.04).
There were significant differences between groups I, II and III (p<0.01) concerning ODA, which persisted in the paired analysis between groups I and II and groups I and III (p<0.01) but not between groups II and III (p=0.89).
We observed the occurrence of positive results in 25 of 43 cases with NCC. In group III, 40 cases (95%) had values below the cutoff. The sensitivity and specificity were 58.1% and 95.2%, respectively. However, when considering the active forms of NCC, we detected 23 positive cases among the 26 cases with the active form and 55 negative cases among the 59 cases without NCC. Sensitivity and specificity were 88.5% and 93.2% (Fig 1) respectively.
ELISA IgM
In group I, ELISA IgM was positive in 17 cases (65.4%) with ODA of 0.60 (±0.69) ( Table 1 ). In group II we obtained no positive results (ODA of 0.05). In group III the ODA value was 0.06, being positive in two cases (4.8%).
There was a difference between the 3 groups (p<0.01). However, after the data were submitted to paired analysis for two independent groups, we observed differences between groups I and II (p<0.01), groups I and III (p<0.01), but not between groups II and III.
We obtained positive results for 17 of the 43 cases with NCC. The sensitivity and specificity obtained were 39.5% and 95.2%. Considering only the active forms of the disease, we obtained values of 65.4% and 96.6%, respectively.
ELISA IgE
In group I, ELISA IgE was positive in 10 cases (31.8%) with ODA of 0.16 (±0.11) ( Table 1) . In group II, only one case was positive (5.9%), with ODA of 0.07. In group III there were two positive cases (4.8%), with ODA of 0.05. There was a significant difference between the 3 groups regarding ODA (p<0.01). This difference persisted between groups I and II and between groups I and III, but not between groups II and III.
Sensitivity and specificity were 25.6% and 95.2%, respectively, for detection of NCC and 38.5% and 94.9% for detection of active disease. ELISA IgA In group I, ELISA IgA was positive in 7 cases (26.9%) with ODA of 0.13 (±0.17) ( Table 1 ). In group II we found no positive cases, with ODA of 0.03, and in group III we detected only one positive case (2.4%), with ODA of 0.04.
There was a difference between the 3 groups concerning ODA (p<0.01). Paired analysis showed a difference between groups I and II and II and III, but not between groups II and III.
Sensitivity and specificity were 16.3% and 97.6%, respectively, for the detection of NCC, and 26.9% and 98.3%, for the detection of active disease.
ELISA and clinical-tomographic correlations CT showed important differences between the ODA for the four immunoglobulins and the presence or absence of ventricular enlargement (Table  2) , but this was not the case for the evolutive stage of the larvae (cyst with or without enhancement). Similarly, we obtained no correlation with total number of cysts.
There were significant differences in terms of the presence of inflammatory signs in CSF and the values of ODA among the four immunoglobulin classes ( Table 3) .
The analysis of each individual syndrome revealed 17 determined that the serum of patients with NCC could identify more than 30 parasitic antigens of C. cellullosae. The antigens, polypeptides whose molecular weight ranges from 16 to 200 kDa, sometimes react with just one class of immunoglobulins (IgG, IgM, IgE or less frequently IgA), while others are identified by more than one class in a nonspecific manner.
The exact mechanism of the humoral response to parasites is unknown. Correa et al. 18 studied the presence of antibodies on the wall of cysticerci extracted from many parts of the body (from the eye, subcutaneous tissue and brain parenchyma), and identified the presence of IgG, IgM, IgA and IgE and complement fraction of (C3b). However, they could not find any correlation between the presence of these elements and intrinsic lesions to the wall of the larvae.
In our material we detected the presence of high levels of specific immunoglobulins in the group with an active form of NCC, with higher IgG positivity, followed, in decreasing order, by positivity to IgM, IgE and IgA, in agreement with data reported by others about the higher participation of IgG in the immune response to NCC 16, 19 .
The 88.5% sensitivity and 93.2% specificity obtained here for ELISA IgG agree with values reported in the literature. Furthermore, the value obtained with ELISA IgM was close to that obtained by Michault et al. 20 , although we could not reproduce the value obtained by Rosas et al. 21 , who reported 87% sensitivity for ELISA IgM.
The occurrence of positive reactions in group II could be ascribed to an immunological scar of NCC or to the limitations of the tomographic method (used as the gold standard in this study) in the detection of small cysticerci, perhaps located inside the ventricular system, or of dead larvae in the pseudonormal tomographic phase. Machado et al. 22 reported a gap of 14 months between the early signs of degeneration of the cysts and the visualization of calcifications.
The immunoglobulin levels depend on the localization of the cysts in the central nervous system (CNS). The closer the cysts are to the ventricular system, the higher the antibody content tends to be 23 . These mechanisms may have been active in three of (Table 4) .
DISCUSSION
In patients with NCC, Flisser et al. 15 detected the involvement of the main immunoglobulin classes the cases, two of them with frontal cysts and the other one with temporal lesion. Another factor possibly involved is the number of lesions. The presence of solitary cysts is related to lower sensitivity of the immunodignostic methods. The presence of cysticerci in the CNS determines immunological changes in the CSF in a multifactorial way. In this study we verified that the immunological response tended to be more intense in the active disease, mainly in cases with intraventricular lesions, with CSF signs of inflammation and in cases with multiple clinical syndromes. We could not correlate any particular immunoenzymatic assay (IgG, IgM, IgE or IgA) with a specific evolutionary stage of the larvae. We observed cases with only one cyst with higher immunoglobulin levels than cases with dozens of lesions, eventually reflecting the influence of intrinsic factors of the host or of the location of the lesion.
In spite of the development of image technology, the changes observed in the CSF have a pivotal role in the diagnosis of NCC. In addition to these alterations, expressed by the "cerebrospinal fluid syndrome" of Lange 24 , we observed others of an immunological nature. The diffusion of ELISA as well as the development and refinement of other technologies will result in a more refined diagnosis of NCC.
CONCLUSIONS
In NCC there are immunological changes detectable in the CSF by the immunoenzymatic technique, characterized by elevation of specific antibodies of the IgG, IgM, IgE and IgA classes 25 . The changes observed differ for the various immunoglobulin classes, with elevations of IgG, IgM, IgE and IgA being observed in decreasing order of magnitude. The highest potential for the detection of active NCC was obtained with ELISA IgG (88.5% sensitivity and 93.2% specificity). The immunological changes observed in CSF occur preferentially in the active forms. In these cases the immunoglobulin content is heterogeneous and related to multiple factors involving the localization of the parasite, the inflammation of CSF and the multiplicity of clinical symptoms. We did not obtain a correlation between evolutionary stage of the disease and changes in IgG, IgM, IgE and IgA profiles. Moreover, the number of parasites observed in the active forms was not correlated with the optic density obtained with ELISA IgG, IgM, IgE and IgA.
